ABSTRACT: Effects of treatment with triazole fungicide were evaluated on 14 wheat genotypes with respect to mycotoxin (aflatoxins, ochratoxin A and deoxynivalenol), yield, 1000 kernel weight and hectoliter weight. Mycopopulation of seed samples was also determined. According to the results, fungicide treatment can reduce the level of mycotoxins in seed samples in order to improve the quality parameters and reduce the level of fungal contamination.
INTRODUCTION
Agro-climatic conditions in Serbia are favorable for the development of fungus Fusarium graminearum (Schwabe) which is the main causal agent of wheat head blight. Disease incidence of wheat head blight in years with average precipitation level is about 5% (B a g i, 1999). Besides F. graminearum, wheat seed can be colonized by a number of other Fusarium species, including fungi from genera Alternaria, Aspergillus, Penicillium and other. Fungal contamination causes significant yield decrease, but the losses are even greater because of mycotoxins produced by these fungi (H a v l o v a et al., 2006) . Application of proper agronomic measures, i.e. fungicide treatment, during or immediately after wheat flowering can significantly reduce Fusarium head blight infections and also control leaf diseases of wheat (H a i d u k o w s k i et al., 2005) . The aim of this work was to investigate the impact of fungicide treatment in the control of Fusarium head blight, as well as fungicide effect on seed fungal contamination and mycotoxin content.
MATERIALS AND METHODS
The trial was conducted at the locality of Vrbas (Serbia) during 2009. The following commercial wheat varieties were included into the investigation: NS 40S, Dama, Rapsodija, Astra, Milijana, Srma, Isidora, Janja, Barbara, Arija, Pobeda, Kruna, Vizija and Toplica. Plots of every treated wheat variety with its untreated control were established randomly in four replications. Elementary parcel for every treatment was 256 m 2 . During vegetation, standard agrotechnical measures were applied. The previous crop was maize, which is important source of Gibberella zeae (Schwein.) Petch. ascospore infections. The level of precipitation during flowering and at the beginning of seed formation was lower than 30-year average (46.2 mm in May during 2009, while the 30-year average for May was 56.9 mm), which moderately favored head blight infections. Fungicide Prosaro EC 250 (tebuconazole 125 g/l + protioconazole 125 g/l) was applied by ground application during the end of the flowering phase in a dosage of 1 l/ha using widely exploited Twin Jet 60 sprayers. The amount of used water was 400 l/ha. Fusarium head blight severity was evaluated by calculating the number of infected ears/m 2 during early milk stage of wheat. Immediately after the harvest, representative seed samples were taken for the analyses of mycotoxin and quality parameters, as well as for the determination of mycopopulation. Yield, 1000 kernel weight and hectoliter weight were measured for every variety and treatment. Thousand kernel weight was determined by Perten SK CS 4100 (Kernel Hardness Tester, Perten Instruments, Reno, Nevada, USA). The hectoliter weight was measured by dusting the procedure and equipment Schopper scale. Level of fungal infection was determined by Petri dish test according to P i t t and H o c k i n g (1985) . Determination of fungi to the level of genus was performed on the basis of morphological and cultural characteristics. Mycotoxins, aflatoxin (B1+B2+G1+G2), ochratoxin A and DON, were determined in both treated and untreated wheat cultivars by ELISA (enzyme-linked immunosorbent assay) method. Screening method for analysis was done using Neogen Veratox ® testing kits with limits of detection of 1 μg/kg for aflatoxins ((B1+B2+G1+G2) 337-1-V alfa HS 0303), 2 μg/kg for ochratoxin A (A 2-V-Ochra 1205) and 0.25 mg/kg for DON (342 Veratox DON-a 5/5). Each sample was extracted by confinable solvents. All data were processed using Statistica 9.1 statistical software (StatSoft Inc., Tulsa, Oklahoma). Statistically significant differences between the means were detected by Tukey's test after variance analysis (ANOVA). Correlation analysis was performed for each combination of the investigated parameters.
RESULTS
During this research, incidence of Fusarium head blight was within the average values based on disease incidence in several previous years, and depending on cultivar, it varied from 0-5 diseased ears/m 2 . In most cultivars, the fungicide treatment significantly reduced the incidence of head blight when compared with untreated control (Table 1 ). Significant differences between treated and untreated variants, regarding the incidence of Fusarium head blight, were present only in cultivars Milijana, Astra and Srma, probably due to lower infection level in untreated control (1-2 ears/m 2 ). Besides head blight, applied fungicide was also efficient against leaf rust, Septoria leaf blotch and powdery mildew (data not presented).
All examined genotypes had higher yield in treated than untreated variants, and most of them (9 out of 14 cultivars, 64.2%) showed statistically sig- The presence of mycotoxin DON in three wheat cultivars (NS 40S, Janja and Vizija) was above the detection limit. These amounts were detected in untreated control of all three cultivars with disease incidence of 4-5 infected ears/m 2 ( Table 1) . Infection of kernels of these three cultivars after harvest with Fusarium sp. was very high, between 20 and 24% ( Table 2) .
The level of ochratoxin A was above 2 μg/kg in untreated control of 6 wheat varieties (NS40S, Dama, Rapsodija, Astra, Vizija and Toplica). These genotypes were colonized more than others by fungi from genera Penicillium and Aspergillus: 10-16% and 3-5%, respectively ( Table 2) . None of these samples had level of aflatoxin exceeding 1 μg/kg.
Blotter method was used to determine the percentage of pathogenic and saprophytic fungi present on the seeds of tested cultivars, both treated and untreated with fungicide. Representatives of genera Fusarium, Alternaria, Penicillium and Aspergillus were found on wheat kernels. Detection of Fusarium species was 2-24 % (Table 2 ). All tested cultivars had higher disease intensity in untreated control than in treated variants. Species from genus Fusarium were identified using selective CLA medium and they included F. graminearum, F. culmorum, F. avenaceum, F. poae and F. sporotrichioides . Species from genera Alternaria, Penicillium and Aspergillus were present on wheat kernels in the percentage of: 1-18%, 1-16% and 0-5%, respectively. Without exception, fungi from these genera caused higher disease intensity in untreated control than in variants treated with fungicide, although differences were not always significant (Table 2) .
DISCUSSION
In Serbia, protection of wheat with fungicides is carried out only in the fields where high yields are expected due to previously applied good agrotechnical practice and fertilization. Fields that are not expected to produce high yield are usually not chemically treated against fungal diseases, which causes Fusarium head blight to occur in high intensity in the years with favorable weather conditions, and consequently increases the risk of mycotoxin contamination. Earlier research showed that fungicide treatment increases yield both quantitatively and qualitatively (B a l a ž et al., 2006) . Ground application using spray nozzle enables better ear coverage with fungicides (L e h o c z k i -K r s j a k et al., 2008) . Regarding the choice of fungicides, a number of authors have stated that triazole fungicides decrease intensity of (B a g i, 1999 ), while F. culmorum appears only in the years with high humidity. However, besides these two, other Fusarium species, as well as fungi from genera Penicillium and Aspergillus that produce mycotoxins, may be detected on wheat kernels. In the last decade, the most dominant fungus was Alternaria spp. (B a g i et al., 2004) . All these fungi that are found on wheat kernel after harvest are important toxin producers (A n d e r s e n and T h r a n e, 2006). During the evaluation of resistance of genotypes to Fusarium head blight, fungicide efficacy and mycotoxin accumulation, attention was turned to DON content in wheat kernel (S i m p s o n et al., 2001 ; P i r g o z l i e v et al., 2002) . Deoxynivalenol is mycotoxin from trichothecene group and it is considered to be the most frequent contaminant of wheat with high intensity of Fusarium head blight. It is produced by F. graminearum and F. culmorum. From the aspect of healthy and safe food production, toxins produced by other fungi that colonize wheat kernel are also important. For example, ochratoxin A, which was detected in post harvest wheat samples in this research, is formed by species from genera Penicillium and Aspergillus, among which are P. verrucosum and A. ochraceus. Additionally, production of aflatoxin is connected to Aspergillus flavus (A nd e r s e n and T h r a n e , 2006). A number of authors detected ochratoxin A in wheat samples in their research (B o u d r a et al., 1995; J a n s s o n et al ., 1997) . The presence of aflatoxin in wheat samples is characteristic for regions with warm and humid climate (M u t h o m i et al., 2008) .
During 2009, DON was detected in 21.5% of untreated wheat genotypes, while this percentage for ochratoxin was 42.8%. On the other hand, in cultivars treated with fungicide, mycotoxin content was below detection limit. According to the presented data, appearance of mycotoxins creates health hazard even in the years with average precipitation, while fungicide treatment presents one of the preventive measures against mycotoxin contamination and it leads to an improvement of technological quality of seed.
In this investigation 14 genotypes used in wheat production were involved. Differences within cultivars were observed regarding Fusarium head blight intensity and mycotoxin content. However, in order to determine closely their level of susceptibility, research ought to be conducted with artificial inoculation. Testing wheat cultivars under the conditions of artificial inoculations, together with determination of mycotoxin content, is suggested to be a part of the process of wheat genotype registration in EU (R o d e m a n n and R e n t e l, 2010). Additionally, standardization of the procedure for artificial inoculations is required in order to obtain more reliable results (M e s t r eh a z y et al., 2010) .
